An actinomycete strain, designated SA-246 T , was isolated from a forest soil sample collected from Chungnam, South Korea. Applying a polyphasic approach, the isolate was identified as a member of the genus Catenulispora using morphological and chemotaxonomic characteristics, including the presence of LL-diaminopimelic acid, glutamic acid, alanine and glycine in the peptidoglycan. Whole-cell hydrolysates contained predominantly rhamnose, mannose, ribose, arabinose, galactose and glucose. The major menaquinones were MK-9(H 4 ), ) and et al., 2012b). Members of the genus Catenulispora present with peptidoglycan containing LL-diaminopimelic, glycine, glutamic acid and alanine, and mannose, arabinose and galactose are detected as whole-cell sugars. The predominant menaquinones are MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 8 ). In the course of screening for new bioactive compounds from forest soil in South Korea, we isolated a strain, designated SA-246 T , showing morphological, chemotaxonomic and phylogenetic characteristics of members of the genus Catenulispora.
The genus Catenulispora in the family Catenulisporaceae was proposed by Busti et al. (2006) . Catenulisporineae is the suborder including the families Catenulisporaceae and Actinospicaceae. At the time of writing, the genus Catenulispora contained five species with validly published names: Catenulispora acidiphila , Catenulispora rubra (Tamura et al., 2007) , Catenulispora subtropica, Catenulispora yoronensis (Tamura et al., 2008) and Catenulispora graminis (Lee et al., 2012b) . Members of the genus Catenulispora present with peptidoglycan containing LL-diaminopimelic, glycine, glutamic acid and alanine, and mannose, arabinose and galactose are detected as whole-cell sugars. The predominant menaquinones are MK-9(H 4 ), ) and ). In the course of screening for new bioactive compounds from forest soil in South Korea, we isolated a strain, designated SA-246 T , showing morphological, chemotaxonomic and phylogenetic characteristics of members of the genus Catenulispora.
Strain SA-246
T was isolated from a forest soil sample collected in Chungnam, South Korea, using the standard dilution plating technique at 30 8C on a 100-fold dilution of nutrient broth (100 21 NB) containing 1.2 % (w/v) agar followed by aerobic incubation for 20 days. The isolate was stored at 286 8C in the presence of 20 % (v/v) glycerol.
Characterization of morphological, physiological and biochemical properties of strain T was carried out by following the standard protocol of the International Streptomyces Project (ISP) (Shirling & Gottlieb, 1966) and Williams et al. (1989) . Morphological characteristics of strain T were observed by scanning electron microscopy (S-4800; Hitachi High-Technologies). Growth was tested over a range of temperatures (4-45 8C), pH (pH 3.0-11.0) and NaCl concentrations (0-7 %, w/v) as described by Lee et al. (2012a) in 100
21
NB supplemented with 1 % glucose. Growth and biochemical tests were also carried out by using the API 20E and API 20NE commercial kits (bioMérieux). Strain SA-246 T formed a rectiflexible or straight spore chain consisting of rod-shaped spores, which appeared to be smooth (Fig. 1) . Strain SA-246 T grew well on yeast extract-malt extract agar (ISP 2) but did not grow on inorganic salts-starch agar (ISP 4) or peptone-yeast extract-iron agar (ISP 6). Aerial mycelium was not formed on any of the tested media (ISP 2-7) and Bennett's agar. Detailed results of these analyses are provided in the species description and in Tables 1 and 2 . Cellular fatty acids were extracted from strain SA-246
T and reference strains of species of the genus Catenulispora grown in trypticase soy agar (Difco) for 10 days at 28 8C according to the protocol of the Microbial Identification System (MIDI) and identified by using the Microbial Identification software package (MIDI, database TSBA 40, version 4.0; Sasser, 1990) . For chemotaxonomic analysis, freezedried cells were obtained from cultures grown in yeast extract-malt extract broth (ISP 2) in a shaking incubator at 130 r.p.m. and 28 8C for 14 days. The diaminopimelic acid in the cell-wall peptidoglycan and analysis of the whole-cell sugars were performed as described by Lechevalier & Lechevalier (1970 , 1980 and Staneck & Roberts (1974) , respectively. Menaquinones were extracted by the method of Collins (1985) and separated by HPLC. Polar lipids were extracted using the procedures described by Minnikin et al. (1984) . The total lipids were separated on silica gel plates by two-dimensional TLC with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution and a-naphthol reagent were used for all lipids, phospholipids, aminolipids, and glycolipids, respectively. The G+C content of the genomic DNA was determined by the HPLC method according to Mesbah et al. (1989) .
The major cellular fatty acids of strain SA-246 T were iso-C 16 : 0 , (34.3 %) anteiso-C 17 : 0 , (20.1 %) iso-C 17 : 0 (13.3 %) and anteiso-C 15 : 0 (10.4 %) (Table S1 , available in the online Supplementary Material). The cell-wall peptidoglycan contained LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contained predominantly rhamnose, mannose, ribose, arabinose, galactose and glucose. The predominant menaquinones were MK-9(H 4 ) (25.5 %), MK-9(H 6 ) (45.1 %) and MK-9(H 8 ) (29.4 %). The polar lipids of SA-246
T comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylinositol, phosphatidylinositolmannoside, two unknown aminolipids, one unknown glycolipid, one unknown lipid and one unknown phospholipid. (Fig. S1 ). The G+C content of the genomic DNA of strain SA-246
T was 71 mol%.
Genomic DNA was extracted (Cui et al., 2001 ) from the isolate and the 16S rRNA gene sequence was amplified as described by Lee et al. (2012a) . The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved by using the EzTaxon-e server (http://www.eztaxon-e.ezcloud.net/; Kim et al., 2012) . The 16S rRNA gene sequence was aligned with the published sequences of closely related bacteria with CLUSTAL W 2.1 software (Larkin et al., 2007) . Phylogenetic trees were reconstructed by using three different methods: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms within the MEGA5 program (Tamura et al. 2011) . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model (Kimura, 1980) . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed (Felsenstein, 1985) .
The almost-complete 16S rRNA gene sequence was obtained for strain SA-246 T (1478 nt). Based on 16S rRNA gene sequence analysis, strain SA-246
T was shown to belong to the genus Catenulispora, showing closest phylogenetic similarity to C. yoronensis TT N02-20 T (98.7 % 16S rRNA gene T was located in the genus Catenulispora and was separated from the other genera. Neighbour-joining (Fig. 2) , maximum-parsimony and maximum-likelihood methods (Figs S2 and S3) all resulted in highly similar tree topologies with strain SA-246 T forming a distinct phyletic line with other species in the genus Catenulispora. The phylogenetic tree based on the neighbour-joining method clearly indicated that the strain SA-246 T formed a single clade with the closest type strain, C. yoronensis TT N02-20 T , with 66 % bootstrap value (Fig. 2) . DNA-DNA hybridization was performed using the method of Ezaki et al. (1989) . Probe labelling for DNA-DNA hybridization was conducted in triplicate by using the non-radioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). T ranged from 42.1¡0.7 to 54.3¡1.2 %. These values were obtained from the means of four determinations and are below the threshold value of 70 % for distinguishing genomic species (Wayne et al., 1987) . It can be concluded from the above results that strain SA-246 T should be recognized as a representative of a novel species of the genus Catenulispora, for which the name Catenulispora fulva sp. nov. is proposed.
Description of Catenulispora fulva sp. nov.
Catenulispora fulva (ful9va. L. fem. adj. fulva tawny, and by extension brown, referring to the aerial mycelium colour).
Aerobic, Gram-stain-positive, catalase-negative actinomycete that forms a well-developed and extensively branched substrate mycelium. No aerial mycelium is produced on ISP medium 2-7. The colour of vegetative mycelium on ISP 2 is pale brown. Diffusible pigment is produced on yeast extract-malt extract agar (ISP 2). Melanin pigment is not produced on tyrosine agar (ISP 7). Produces rectiflexible or straight spore chains with rod-shaped and smoothsurfaced spores. The temperature and pH ranges for growth are 15-42 uC (optimum 28 uC) and pH 4.0-7.0 (optimum pH 7.0). Growth occurs with 0-2% (w/v) NaCl, but not 3 %. Casein, gelatin and starch are hydrolysed. Utilizes D-glucose, D-mannitol, L-rhamnose and sucrose as sole carbon sources, but not L-arabinose, D-fructose, D-galactose, myo-inositol, raffinose, cellulose, D-xylose, cellobiose, inulin (Tamura et al., 2008) ; 3, C. subtropica NBRC 103395 T (Tamura et al., 2008) ; 4, C. graminis BR-34 T (Lee et al., 2012b) ; 5, C. rubra NBRC 101179 T (Tamura et al., 2007) ; 6, C. acidiphila NBRC 102108 T 
*Data for reference strains from this study.
Catenulispora fulva sp. nov.
or melibiose. The cell-wall peptidoglycan contains LLdiaminopimelic acid, glutamic acid, glycine and alanine. Whole-cell hydrolysates contains predominantly rhamnose, mannose, ribose, arabinose, galactose and glucose. Predominant menaquinones are MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 8 ). The major cellular fatty acids are iso-C 16 : 0 , anteiso-C 17 : 0 , iso-C 17 : 0 , and anteiso-C 15 : 0 . The predominant polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylinositol, phosphatidylinositolmannoside, two unknown aminolipids, one unknown glycolipid, one unknown lipid and one unknown phospholipid. 
